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Statement of Work
Executive Summary
This statement of work is between the Self-Balancing Bike Device Team, Dr. Michael Whitt, and
Justin Shaw. It outlines the Self-Balancing Bike Device Team’s planning process and goals for
this project.

Introduction
The sponsor, Justin Shaw, is currently developing a bicycle for an athlete who has lost
movement in their legs. This athlete can no longer experience the unmatched feeling of
naturally banking a bicycle at corners. The Self-Balancing Bike Device Team will create a
device that can self-balance an electric recumbent bicycle at low speeds while being almost
undetectable while turning. This document will outline the team’s background research into selfbalancing vehicles, define the needs that must be solved, and delineate a schedule for future
milestones.

Background
Sponsor Meetings Overview
From our meeting with the customer, we have expanded our potential solution for the selfbalancing device. The customer suggested an inverted pendulum to test tilt with wheels that
activates during low speeds. Also, the customer provided several constraints on the project, the
bike will have 20 inch wheels, the bike needs active stabilization below 20 mph, and the bike
needs to be steered as a normal bike with the handlebars.
Existing Designs
Existing Design

Description

Auto-Balancing
Bike

General Academic Products, The auto-balancing bicycle is modified from a hybrid
electric bicycle. Using the steering control method, it can go forward, turn left and
right flexibly at different velocities, providing a platform for unmanned bicycles.

Gyroscope
Bicycle

Eisco, Human interactive Gyroscope, Large 20” steel bicycle wheel running on ball
bearing on which mounted a heavy solid rubber tire to guarantee a large moment of
inertia.

LegUp
LandinGear

Computerized system is centered around a compressor system and pneumatically
controlled legs that lower at the touch of a button. This system will only allow the
wheels to lower under 6MPH, and will balance the bike completely on level terrain.

Jyrobike

Kickstarter, auto balance bicycle, bicycle automatically keeps the rider upright &
stable, even when they tip or wobble.

Gyroscopic
Balance
Assistance

This device will take the form of a lightweight backpack-like corset (right) that can
be quickly and easily mounted/dismounted and leaves the limbs free and
uninhibited to allow comfortable movement in daily life.

Patents
Patent Title

Description

US20070001423A1 System and method for providing gyroscopic stabilization to a twowheeled vehicle
US9776678B2

Self Balancing Vehicle

KR102183360B1

Gyroscope stabilization in two wheeled vehicles

US3980041A

Speedometer with speed warning indicator and method of providing the same

CN106080941B

A kind of unmanned bicycle for realizing speed change balance control

Technical Literature
• Gyroscope attached to two-wheeler, self-balancing [1]
o We designed and fabricated a two-wheeler with self-balancing mechanism. The
model works on the principle of inverted pendulum.
• Design, development and analysis of self-balancing electric bike [2]
o Based on five previous journals in order to find out which method is suitable to
design a self-balancing bicycle and it will focus on the control system of the
structure
• Fractional sliding mode control for an autonomous two-wheeled vehicle equipped with
an innovative gyroscopic actuator [3]
o An innovative gyroscopic actuator for controlling two-wheeled bicycles is
presented, which is capable of creating both constant and variable roll moments.
• Balancing control of two wheel bicycle problems [4]
o In the paper, to solve the self-balancing problem, we use the flywheel method
according to the inverted pendulum principle.
• An application of scissored-pair control moment gyroscopes in a design of wearable
balance assistance device for the elderly [5]
o A multi-segment model of a standing human was used to investigate the device’s
performance for balance recovery
• The measurement of balance by the accelerometer and gyroscope [6]
o analyze calculation methods of balance by means of gyroscope and
accelerometer and we describe the advantages and disadvantage both the
methods of the calculation

Industry Standards and Regulations
SIC

Office

Industry Title

Description

2380

Specialty Trade
Contractors

Agriculture, Construction
and Machinery
Manufacturing

Machine manufacturing necessary
for assembly of the bike

3369

Other Transportation
Equipment Manufacturing
(Including inflatable boats)

Warehousing and Storage

Storage of bike and project if
mass produced

4520

General Merchandise
Stores

Monetary AuthoritiesCentral Bank

Necessary for purchasing and
potentially selling

Objectives
Problem Statement
People with impaired leg function cannot ride a standard two-wheeled bicycle. Quadriplegic
athletes do not have a method of recreating the feeling of leaning into corners while riding a
bike. To solve this problem, we will develop the mechanisms and control software to allow a
bike and rider to balance at a complete standstill while also allowing natural banking into
corners.
Boundary Definition
Project involves fabricating the bolt-on device that automatically balances the bike at stop and at
low speeds as well as the control system that will adjust the bike’s angle. This project does not
include designing the bike itself, it is intended to attach to an existing bike. Device does not
need to stabilize the bike at high speeds.
Customer Wants/Needs
• Stabilize 100 kg bike and rider at complete stop
• Stabilize bike at speeds up to 5 mph
• Recover from 5 degree tilt
• Allow for natural banking into corners while in motion
Engineering Specifications Table
Spec. # Parameter

Requirement/Target

Tolerance

Risk

Compliance

1

Tilt of bike at complete stop

0 degrees

± 3 degrees

H

I, A, T

2

Tilt angle at low speeds

0 degrees

± 3 degrees

H

I, A, T

4

Tilt angle of bike recovery

5 degrees

Min.

M

I, A, T

5

Weight

15 kg

Max.

H

A, T

6

Production Cost

$1000

Negotiable

M

A

7

Battery Power

12 V

Min.

L

T

Specification Measurements
Tilt angles will be measured by a tilt sensor. Weight of the device will be measured using a
scale. Production costs will be listed in tabular form. The battery used to power the device will
be at least 12 V.

High Risk Specifications
The device’s main function will be to stabilize the bike at low speeds and at a complete stop. To
do this there must be a way to detect the speed of the bike as it slows and to react fast enough
to catch the bike from falling. Designing and manufacturing a solution will take up the bulk of our
work and will take the longest to calibrate. There is also a high risk that the device will become
too bulky and interfere with the bicycle’s motion even if the device is not in use, so we must take
care to make it as compact and lightweight as possible.

Project Management
Design Process Overview
The goal of our project is to deliver a working prototype with supporting documentation and a
clear plan for future development of the device. We will begin by brainstorming and developing
our concept for the momentum gyroscope and supporting mechanisms (i.e. motors,
accelerometer, brake pads), eventually resulting in a preliminary mathematical analysis and 3D
model.
Once the design has been completed, we will then move on to prototype development. During
the prototype development stage, we will use the many available machine shops at Cal Poly
(Mustang 60, DFAB, Bonderson, etc.) to create an initial working device. We also intend to
design a test stand to measure the output of our device.
Using the results generated from testing, we will then finalize our findings by analyzing its
strengths and weaknesses. A final report and presentation materials containing specifications
for our prototype, test data, and avenues for future improvement will be created.
Key Deliverables
Title

Description

Date

Design
Concept

A finalized design concept, including relevant initial sketches, models,
math, or other documentation.

2/23

A working prototype created to demonstrate proof-of-concept
principles.

4/18

A poster which includes all information about the product. Should aim
to both spread awareness about the product and attract potential
customers/sponsors.

6/1

Functional
Prototype
Product
Poster

Planned Techniques
Solidworks - 3D modeling of prototype
Custom test stand/inverted pendulum to measure the maximum rotational force of gyroscope
Built prototype and control system
Next Steps
As of the submission of this document, we are still in the process of finalizing our device design.
We will continue to work on what our device should be capable of and the best way we can fulfill
these requirements. By the 23rd of February our design will be finalized and a presentation
completed including our sketches, models, and other work done in the process of creating the
final design.
Conclusion
The Self-Balancing Bicycle Device Team will design and implement an attachable device that
will be able to balance an electrical recumbent device at low speeds, while allowing for natural
banking during turns. By the start of next week, the team will deliver a powerpoint presentation
of the team’s plan for the duration of the quarter.

Network Diagram

Indications for Use
• The Self-Balancing Bicycle Device is indicated for use by individuals who have limited to
no movement in their legs and have trouble stabilizing a regular electrical bicycle at low
speeds.

• The device will allow for automatic stabilization of a bicycle at a complete stop and at low
speeds, while having a low profile when travelling at high speeds and banking at
corners.

• The device is intended for use on electric recumbent bicycles. It is not meant to stabilize
the bike at high speeds.

Budget

Item

Description

Quantity

Cost

Total

Wheel

Small and tough wheel for support

1

$15

$15

Wheel Assembly

3D printed/metal strut for attaching
wheel to bike

1

$50

$50

Stepper Motor

Position the assembly

2

$10

$20

Arduino

Control motors and perform
calculations

1

$30

$30

Wiring

Connect motors, microcontrollers,
and power supply

PKG

$10

$10

Accelerometer

Capture information on bicycle
position, orientation, speed

1

$10

$10

Wood

For creating a test stand (inverted
pendulum)

2

$12.5

$25

$160

Customer Requirements
1.
2.
3.
4.
5.
6.

Device stabilizes bicycle at low speeds and at a complete stop
Must be controlled through method other than leg motion
Must be able to recover from 5 degree tilt
Stabilizing bike at high speeds not required
Must allow for natural banking during turns
Must attach to an electric recumbent bicycle

Specification Development

□ TAM and Competitive Advantage

Competitive Advantage Chart
Factor

Jyrobike

LegUp LandinGear

Stabilization at low speeds

3

5

Total Cost of Device

3

1

Responsiveness of Device

3

5

Natural Banking into Corners

4

5

We envision our device more akin to the LegUp LandinGear rather than the Jyrobike. The
LandinGear has a simpler design and seems fairly effective, while the Jyrobike has seemingly
never made it to market.

Intellectual Property Assessment
Patent No

Patent TItle

Potential Patent
Infringements

How to Address

20070001423 Jyrobike

1) Gyroscope attached
to front wheel balances
bicycle at any speed

1) Attach gyroscope to
location other than front wheel
and only balance at low speed

20130277934 Balance Bike

1) Has third wheel to
balance bike

1) Will only deploy third wheel
at low speeds

20150353159 Conversion kits for
converting a two
wheeled motorcycle to
a three wheeled trike
configuration

1) Converts a standard
bicycle into a tricycle for
additional balancing

1) Do not attach device directly
to the rear axle of the bike

Patent
Application No

Patent Title

Potential
Patent
Infringements

How to Address

20080007026

Special Needs Adaptive
Tricycle

1) Uses a third
wheel to stabilize
the bicycle

1) Ensure our device is
automatic instead of
manually placed

20200148302

Child's Riding Bike that
Converts Between a Balance
Bike and a Pedal-Powered
Bicycle

1) Addition to a
bicycle to create a
more stable
system

1) Make our device
permanently attached
instead of being able to
be added/removed

20210129934

Multifunctional Vehicle

1) Changes the
function of a
bicycle to be more
balanced

1) Do not change the
overall drivetrain of the
bicycle

Conjoint Analysis
Conjoint Table

Conjoint Cards

Regression Analysis

Discussion

From our preliminary conjoint analysis, we defined three key characteristics for our device:
response time, max stationary tilt, and device weight. After performing a regression on the data
gathered from our classmates, the only factor which had a strong effect on their choices (pvalue < 0.05) was the response time.
Respondents showed a very large preference for the level 1 response time (0.1 s) over the
slower level 2 response time (0.25 s). None of the other choices (max stationary tilt and device
weight) showed a statistically significant response from the data provided (p-value > 0.05).
Based on this result, we should focus our efforts on ensuring that the device will activate in a
timely manner to stabilize the bike and quickly recover from unwanted movement.

Morphology
With the overview of device specifications and possible patent infringements completed, we began
work on developing the initial models for device prototypes. We used a morphology matrix to categorize
the many different designs for the device that could complete the desired tasks.
We first brainstormed each of the main systems which would make up the main device: a wheel
lowering mechanism, a locking mechanism, a control system, and attachment to the bicycle frame. For
each of these systems, several different methods were developed to complete their function. The result
is a table which easily allowed the group to create several similar but not identical prototype models.

Using this table of concepts, we generated three sketches of prototype model candidates. Each
candidate was required to be different in at least one category from each of the other candidates to
ensure enough diversity of design for future analyses. Additionally, some concepts were not used due to
manufacturing feasibility concerns or low probability of device success.

•

Concept 1

Concept 1 uses a rotating wheel attached in the middle of the bike frame which rotates, allowing a
smaller support wheel to contact the ground. The smaller wheel rotates freely, while the larger wheel
can be spun using a motor. The torque applied to the larger wheel by the internal resistance of the
motor will lock it in place when engaged.

•

Concept 2

Concept 2 involves a conveyor belt system which raises and lowers the wheel to the ground. An inclined
teeth and spring system located inside the main assembly box will be used to clamp the wheel in place
until it needs to be released. The assembly attaches to the bike in the middle.

•

Concept 3

Concept 3 uses a hydraulic pump to retract and extend the wheel. The pump will be controlled
manually, and the device attaches at the rear end of the bicycle.

Concept Evaluation
To evaluate which of the developed morphologies best fit our capabilities and needs, we developed a
Pugh matrix. The Pugh matrix determines the relative “fitness” of a model compared to a baseline.
First, we needed to define the categories on which we wanted to compare each morphology. This was
done by brainstorming the key features of the device which would be most important for the final
product. In addition, each category was weighted based on its overall importance, with heavily weighted
categories being more important and lower weighted categories less important.
The categories we came up with are:
•
•
•
•

Device Stability [35]
Manufacturing Feasibility [30]
Responsiveness [25]
Device Cost [10]

Now that we had defined the key features we wanted included in our device, we needed to rank them.
A Pugh chart works by setting one randomly determined morphology as the “baseline”, with a score of
0. Then, each other morphology is ranked on whether it is better or worse in that category. We chose to
use a 5-point model, where the possible scores ranged from –2 to +2.
The score of any morphology is given as the sum of all rankings multiplied by the category weights. The
highest scoring morphology is then chosen as the best prototype design. Each group member was asked
to rank each of the three morphologies given in the previous section using the Pugh chart. The results
are shown below.

In every Pugh chart, both Concepts 2 and 3 had negative scores, indicating that they were less desirable
designs than Concept 1. By unanimous decision, our group chose to move forward with Concept 1 as the
working prototype design.

Conceptual Model
Our conceptual model will rotate a training wheel off the ground when the bike is at high speeds and
rotate it back onto the ground at low speeds and at a stop. The bar connected the axle of the training
wheel will be attached to a disc that is rotated by a motor. The motor will rest on a shelf. As the motor
turns, the disc turns, rotating the training wheel off of the ground.

Where the device attaches to bike

Device isometric view

Device Side View

Device Front View
The model was analyzed using a full-body diagram. Measurements of the bike’s center of gravity were
estimated using data from a study on the maximal braking on a standard bicycle.

Small motors can generate 2.31 Nm of torque, so the motor we choose should be able to maintain the
wheel on the ground. Because of this analysis, we learned that the model we conceptualized is feasible.
We can use this model to adjust the horizontal position of the wheel to find the optimal position when
further developing the design.

Detailed Design
After additional consultation with our sponsor, we added a few modifications to the previous design.
First, we created the sets of holes which will attach our device to the metal frame. This was done by
measuring the angle and sizing of the aluminum frame used in the bike and mapping it onto the
attachment point with the wheel assembly. The finalized design is pictured below.

Additionally, due to concerns about manufacturing feasibility, we switched our design to include a premanufactured adult training wheel set. These wheels are already designed to perform the task of
supporting the rider with an additional contact point and eliminate the need to design our own strut and
wheel assembly, which likely would have cost more and performed worse. These new training wheels
come with a slight downside of having a different geometry than our model but should still attach
correctly to the motor to make our device functional.

Prototype Manufacturing
We have gathered all of the parts necessary to begin construction of our prototype. For the shelving we
will be using ½” wood board, which will be held together by a combination of screws and wood glue.
The main components of the control system (Arduino, motor driver, motor) will sit on top of the
shelving and be attached by screws and adhesives. The most critical step here is ensuring good
attachment of the motor to the shelving, otherwise it will not be able to provide enough torque without
detaching. The power supply and the control system can be wired together using copper wires
purchased from Amazon, and the wheel attached to the motor, either by shaft collars or by welding.

We will use the machine shops at Cal Poly, Mustang 60 and the Aero Hangar, to accomplish our
manufacturing plans. Most of the work will be done using the wood shop tools, such as the hand saw,
band saw, and drill press. Additionally, we can source adhesives, wood glue, clamps (for curing the wood
glue), screwdrivers, and ratchets for tightening the shaft collars. If we decide to move forward with
welding the motor to our wheel, we can also use the TIG welder in the welding shed of the Aero Hangar.

UPDATE 4/21:
We have constructed the first functional version of our prototype device, along with the additional
purchases of more parts.
During the preliminary stages of fabricating our device, we realized that the motor shaft was both too
short and too smooth to attach properly to the wheel assembly. To solve this problem, we purchased a
flanged shaft collar with screw holes. The shaft collar has the same internal diameter as the diameter of

the motor shaft, along with tightening screws which contact the shaft to hold the collar in place. This
part has so far exceeded expectations in its holding strength and ease of use.
There were also some issues with the connectivity and powering of our microcontroller. The Arduino
Uno, our choice of microcontroller, has no built-in power supply. Additionally, the package we
purchased did not come with a connection cable to allow us to program the controller. The power was
fixed by purchasing a 4x AA battery cartridge, with an output of 5.5V, which is within the range of the
Arduino. The connecting cable is an A-male to B-male cable, like the kind which normally run USB signals
from computers to printers.

With the collection of new parts, we successfully completed our primary goals of motor functionality
and running custom software on the Arduino. Our device is currently capable of making a one-quarter
turn in each direction, which will be used to extend and retract the device.
However, due to the addition of a new method of motor shaft attachment, all plans for connecting the
motor to the wheel assembly have been reviewed and changed to fit our needs.
We are now in the process of fabricating our own connecting device to run between the motor shaft and
wheel assembly, making sure that it utilizes the full geometry of the assembly to provide maximum
stability, torque and reduce device wear over time. We will first construct a model in CAD software to
aid in our manufacturing, then create the part out of 4x4 beam of wood. Future models may even use a
3D printed part for superior weight reduction and strength.
After the construction of our assembly connector, which should take about one week, we will construct
the full device and begin testing for strength and reaction speed, regressing to the prototyping step to
fix any malfunctions or underperformance issues.

Test Plans
To test our device, we currently have two tests planned. The first is an inverted pendulum test. We will
build a test stand to attach our device to which is at a similar height to the bicycle. The test stand will be
supported by a single contact point directly in the center of the device. When engaged, our device
should be able to support weight at up to a 5-degree tilt, and balance without falling over. At an
estimated rider and bicycle weight of 100 kg, we will use a scale and apply downward pressure on a
beam to load the device with the correct amount of force. This test ensures that when a rider is using
our device, it will be able to support their weight in a stationary position.

Our test will consist of 8 measurements, resulting in either a pass or a failure. We will vary the weight
between 50kg and 100kg, and the tilt angle between 0 and 5 degrees, for a total of 4 different
combinations of parameters. Each test will be repeated twice. If the device stands under the load and
does not experience any permanent warping/bending/breaking, it will pass. Otherwise it will fail, and we
will check the damage to see what parts may need to be replaced or changed.

The second test we have planned is a reaction speed test. When biking, a rider may want to come to an
abrupt stop once they reach their destination. It is imperative that our device will engage prior to the
rider requiring support. For this test, the device will be mounted or held in place on a table, with the
wheel hanging off the side. From rest, the device will be engaged. Slow motion camera and a timer will
be used to analyze how quickly the wheel can reach its final position. Additional testing will be
performed retracting the wheel from its extended position using the same equipment. This test will also
show if our design has any unwanted behavior such as slipping or vibration.

The testing of device speed is incredibly straightforward. Because of the ease of performing testing, and
concerns of changing motor performance under consistent use, we will perform both the actions of
extension and retraction for at least 15 different trial runs. In each run, the wheel assembly will begin in
the same position. Using a stopwatch and a recording, we will record each run and replay the footage to
determine the time taken to retract/extend the wheel. All of the data (excluding outliers) will be
averaged into one measurement. Our desired metric will be a time for both retraction and extension of
under 1.5s. Any outlier measurements will be analyzed to determine the cause and whether or not
revisions to the device design must be performed.

Testing Data

Reaction Speed
Expected

Average

Pass/Fail

Extension

2 sec

1.97 sec

Pass

Retraction

2 sec

2.15 sec

Pass

Load Testing
Weight

Pass/Fail

Test 1

Weight of device

Pass

Test 2

50 kg

Fail

Test 3

100 kg

Fail

Testing Data Analysis
By testing the reaction speed of the device, we determined that the device can extend and
retract below the required time of 2.5 seconds. This means that the device can activate at a reasonable
time, so the test was a success.
As for the load testing, the device can sustain its own weight without breaking. However, when
placing the device on the ground and applying 20 kg to the test stand, the screws attaching the shaft
collar to the attachment block came loose out of the attachment block. This indicates that this first
prototype would not be able to support a 100 kg bike and passenger.

Conclusion
In attempt to make a device which allows a rider to balance their bike at a complete standstill while also
allowing natural banking into corners, our prototype did demonstrate a potential solution for the
problem, but several iterations will be necessary to withstand given loading requirements. This first
prototype uses mechanisms and control software's which serves as a strong foundation to build upon
and ultimately develop a device which can be used on the recumbent electric bike for the sponsors
paraplegic user.
In our initial phase of designing the self-balancing prototype, we researched several existing devices as
well as literature pertaining to the use of gyroscopes as a balance mechanism. Our sponsor suggested
the LegUp LandinGear device as an initial starting point for our design process since it used a
computerized system to self-balance a motorcycle. Though after extensive research our group decided
to transition from a gyroscope model to using a training wheel propelled by a motor. This new model
was more realistic for the timetable and budget allotted to our group for this project. During the design
process, three different concepts to rotate the wheel were developed. The hydraulic and conveyor belt
systems, while potentially better designs, both were passed for a motor system due to feasibility.
Developing the prototype, a stepper motor was selected to be programmed by an Arduino board.
Finding a shaft collar was critical in the attachment between the motor and training wheel, and
fortunately a collar with similar dimensions was found on Amazon. The Arduino board was programmed
to loop through whether the button was fully pressed down. When the button was fully pressed down,
the motor was specified a certain number of steps to rotate which ultimately deployed and retracted
the training wheel a quarter circle. During the prototyping, several changes to the design were made,
particularly in regard to failure under loading. The nails used to attach the shaft collar to the wood
connecting to the training wheel were lengthened to increase the mechanical strength of the
attachment. Also, the initial choice for a personalized wheel was replaced with purchasing a stock wheel
from Amazon which was simply attached using a cut wood piece to the shaft collar.

-

Goals we set out to accomplish
▪ Did we accomplish them? Y/N
What we did
▪ Planning/research
▪ Design process
▪ Prototyping
▪ Changes to design during prototyping

Discussion
At the end of 20 weeks, we have completed our first prototype device. The device can engage and
disengage a support wheel using a button which may be placed anywhere on the bicycle frame. The
base material extends with enough room to attach to an electric bicycle, with the motor capable of
running off battery power. The electronics are shielded from the elements, housed in an enclosure on
the back side of the baseboard. While many of the device requirements are met, there are several
problems with our current device, and avenues for future improvement which we will detail here.

Possibly the largest issue faced by our device is failure under loading. It was specified at the beginning of
our design process that the device should hold up to 100kg of weight, applied while it rests at a 5-degree
angle to simulate the rider leaning into it. Testing revealed that our construction was not able to
withstand these forces, breaking at the shaft collar connection to the wooden block. This problem was
mostly caused by the short length of screws used to attach the collar to the block, measuring only 0.75”
long, but can also be attributed to the poor mechanical strength of the wood used as the block. A quick
fix for this problem was simply to use larger screws. 2” long screws were implemented to make the
device functional again for the Senior Project Expo and final presentations for the class. Future revisions
of our device will certainly benefit from a full redesign of the critical attachment point between the
motor and wheel assembly, entailing changes of material choice and part geometry.

Another prominent concern is the overall shape of the device and material used. We would like the final
product to be much sleeker and stronger than the current construction, which may be achieved by
condensing the packaging of the motor and associated electronics into a 3D-modelled housing.
Development of a new electronic housing will reduce the size of the assembly and allow for more
flexibility in the attachment to the bicycle. Additionally, all load-bearing members should be constructed
with metal or composite materials. These materials have higher compressive strength than wood,
though this will significantly increase the total cost of device fabrication.

Miscellaneous issues of the prototype device need addressing in the next development cycle but have
trivial solutions. We experienced underperformance of the motor, which can be fixed by ordering a
motor with a higher maximum torque output. Some screws stick out of the baseboard and are an injury
hazard; a small increase in the thickness of the baseboard material would cover these pointed tips.

This project was an excellent experience and gave the team great insight into the development of
solutions to engineering problems. The team are proud of the amount of progress we have made from
scratch over such a short period of time, and the prototype we were able to create. We hope that in the
future the methods of device construction and the improvements listed here may be implemented to
create a superior device capable of providing support to bicyclists with disability.

References
1. Jiarui, H., et al. Auto-balancing Bicycle. Tsinghua University. 2015.
2. Gadge, H., et al. Design, Development, and analysis of self-balancing electric bike.
International Journal of Scientific and Engineering Research. 2018. 9(5):276-284.
3. Tofigh, M., et al. Fractional sliding mode control for an autonomous two-wheeled vehicle
equipped with an innovative gyroscopic actuator. Robotics and Autonomous Systems.
2021. 140.
4. Vu, N., et al. Balancing Control of Two-Wheel BIcycle Problems. Mathematical Problems
in Engineering. 2020.
5. Romtrairat, P., et al. An application of scissored-pair control moment gyroscopes in a
design of wearable balance assistance device for the elderly. Journal of Biomedicine.
2019. 18(87); 183-188.
6. Mazgut, R., et al. The measurement of balance by the accelerometer and gyroscope.
Institute of Electrical and Electronics Engineers. 2014.
7. Riel, J. Maximal Braking on a Standard Bicycle. Industrialized Bicyclist. 2005

